plants, carotenoids span thylakoid membranes of chlorophyll (Chi) complexes and function in accessory roles for light harvesting, photoprotection, and structural stabilization (Demmig-Adams et a]., 1996; Tracewell et al., 2001) . These pigments protect photosynthetic structures by quenching excited triplet Chi ('Ch]) to dissipate excess energy and by binding singlet oxygen ('02) to inhibit potential oxidative damage (Frank and Cogdell, 1996; Tracewell et al., 2001) .
Plant carotenoids are the most important source of provitamin A in the human diet. There is increasing evidence that these carotenoids can protect humans against certain specific chronic ailments, including cancer, cardiovascular disease, and age-related macular degeneration (Giovannucci, 1999; Mayne, 1996) . From a dietary standpoint, carotcnoids are common examples of compounds classified as antioxidants. The impor-tant role that carotenoids perform in plants, and the potential positive benefit they impart on human health, has stimulated increased interest in this important group of secondary plant metabolites (DellaPenna and Pogson. 2006: Hirschberg, 2001) . Although this increased interest has resulted in a good understanding of the biosynthetic pathways that generate an array of important carotenoids in plants (Kopsell and Kopsell, 2006) , the regulatory means by which different plants affect variable levels of individual carotenoids largely remains a mystery.
The thorough study of the carotenoid biosynthetic pathway has resulted in the characterization of numerous biosynthetic genes that can be used to engineer plants to produce altered carotenoid profiles and levels (Fraser and Bramley. 2004) . Examples of such genetic engineering include golden rice (Ye et al., 2000) and yellow potatoes (Ducreux et al., 2005) . Although genetic transformations such as these and others have helped enhance our understanding of carotenaid biosynthesis, the use of resulting new plant types remains problematic as a result of questions about the consumption of transgenie plants. This is especially likely to remain a significant concern for vegetables through the foreseeable future.
Carotcnoid accumulation in plant tissue is generally determined by an interaction of physiological, biochemical, and genetic characteristics of a plant species as well as by environmental factors (Goldman et al., 1999; Kopscll ct al., 2004 : Kurilich et al.. 1999 . It is not surprising that different vegetable species can have dramatically different carotenoid profiles (Kimura and Rodriguez-Arnaya. 2003 : Klein and Perry, 1982 : Sommerburg et at., 1998 , but variation among different genotypes within a species (Kurilich et al., 1999) or crop (Kopsell et al.. 2005) can also be very significant.
Brassica oleracea L. vegetables are recognized as good sources of dietary carotenoids (USDA Nutrient Database, 2008) . Indeed, kale (B. oleracea L. var. s'iridis) ranks as having the highest carotenoid levels of all leafy vegetable crops assayed to (late (Sommerburg et al., 1998) . Kopsell et al (2004) reported lutein levels in kale ranging from 4.8 to 13.4 mg/ lOO g fresh weight (FW) and showed that cultigen (genotype) and season of production had significant effects on lutein concentration. They also observed that genotype and season both had a nificant effect on 13-carotene levels, which ranged from 3.8 to 10.0 nig/100 g FW. Kopsell et al. (2004) did not observe a significant genotype-by-season interaction for either lutein or 13-carotene. Kurilich et a].
(1999) examined cc-carotene and 13-carotene levels of broccoli (B. oleracea var. italica Plenck) heads harvested from a single field trial and demonstrated a significant genotype effect on levels of both carotenoids. 13-carotene was much more prevalent in broccoli samples tested ranging from 0.4 to 2.4 mg/ 100 g FW. a-carotene was only detected at levels from 0.0 to just under 0.1 mg'lOO g f-his rSciL\cl 44(5): 1248-1253. 2009 . Abstract. Carotenoids are secondary plant metabolites in vegetables known to be essential in the human diet and reported to confer various positive health-promoting effects when consumed. Brassica oleracea L. vegetables like kale, cabbage, and broccoli are recognized as excellent sources of dietary carotenoids. Broccoli has emerged as the most important B. oleracea crop in the United States and it likely supplies more carotenoids to the U.S. diet than the other crops of this species. However, very little is known about the general carotenoid profile of this important vegetable or the levels of specific carotenoids and how they might vary among genotypes. Thus, the objectives of this study were to assess carotenoid profiles of different inbred broccoli heads; to assess chlorophyll concentrations measured simultaneously during carotenoid assays; to determine the relative effects of genotype versus environment in influencing head carotenoid levels; and to examine phenotypic correlations between carotenoid levels and other traits. Results show lutein to be the most abundant carotenoid in broccoli heads ranging from 65.3 65.3 to 139.6 ig . g' dry mass (DM) among nine inbreds tested in three environments. Genotype had a highly significant effect on lutein levels in broccoli heads and the ratio of r 2 /o 2 for this carotenoid was 0.84. Violaxanthin also exhibited a significant genotype effect, but it was found at lower levels (17.9 to 35.4 jigg ' DM) than lutein. 13-carotene and neoxanthin were detected at levels similar to violaxanthin, but genotypic differences were not detected when all environments were compared. This was also true for antheraxanthin, which was detectable in all genotypes at lower levels (mean of 13.3 pg . g' DM) than the other earotenoids. Significant genotypic differences were observed for both chloroph y ll a and b among the studied inbreds; however, no environment or genotype-by-environment effects were observed with these compounds. Results indicated that most carotenoids measured were positivel y and significantly correlated with one another, indicating that higher levels of one carotenoid were typically associated with higher levels of others. This study emphasizes the relative importance of lutein in broccoli heads and the key role that genotype plays with this compound, ultimately indicating that breeding cultivars with increased levels of this particular carotenoid may be feasible.
FW. No comparisons of a-or 3-carotene levels in heads harvested from different environments were made in this study.
Another cole crop receiving significant attention at this time with regard to carotenoid content is orange cauliflower (8. oleracea L. var. ho/ntis), a unique genotype that has been around for several years (Crisp et at., 1975; Dickson et at., 988) . This phenotype occurs as a spontaneous mutant conditioned by the Or (orange) gene, which operates in a sernidominant manner and ultimately results in abnormally high levels of n-carotene in developing curds (Li et at.. 2001 . Although the Or mutant is a useful tool for studying carotenoid biosynthesis in cole crops (Lu et at.. 2006) , cauliflower harvested from such mutants represents only a fraction of the standard cauliflower market, and it is sold exclusively as a niche product. Moreover, information generated from this mutant has not shed much light on our understanding of intervarietal genetic variation for levels of individual carotenoids.
Broccoli has emerged as the most important cole crop in the United States. Recent production statistics indicate that it may be among the top lIve vegetable crops in the country with a farm-gate value over $600 million (USDA National Agricultural Statistics Service, 2008). As a result of its relative importance compared with other cole crops like cabbage and cauliflower, broccoli likely supplies more carotenoids to the U.S. diet than any other cole crop. However, very little is known about the general carotenoid profile of this important vegetable or the levels of specific carotenoids and how they might vary among genotypes.. With this in mind, the objectives of this study were to assess carotenoid profiles of broccoli heads harvested from a set of inbred broccoli lines grown in three environments; to determine the relative effects of genotype versus environment in influencing what levels of measurable earotenoids are expressed in harvested heads; and to examine phenotypic correlations between carotenoid levels and other horticultural traits. Because Chi a and b call measured simultaneously using techniques to assess carotenoids and because there is some recent evidence (Ferruzzi and Blakeslee, 2007) that Chi consumption might be linked to a chemoprotective effect, we had an additional objective to evaluate Chi a and b and any possible relationships with carotenoid concentrations.
Materials and Methods
Plant materials. Nine homozygous inbred (doubled haploid) lines of broccoli were tested in these studies. These nine lines are relatively elite parental lines that have been used in several studies conducted by the U.S. Vegetable Laboratory broccoli breeding program. and they were selected to represent diverse genotypes and phenotypes. In particular, they have been used to develop a diallet population to study combining ability (Abercrombie et al., 2005) and heterosis (Hale et at.. 2007 ) tbr several economically important horticultural traits of broccoli. The included lines have the following designations and origins: USVLI05 derived from 'Arcadia' (Sakata Inc.. Morgan Hill, CA); USVL066 derived from 'Viking' (originally from Peto Seeds. Saticoy. CA); USVL039 derived from 'High Sierra' (originally from Asgrow, San Juan Bautista, CA); USVL032 derived from 'Green Valiant' (Sakata Inc.); USVL047 and USVL048 derived from 'Marathon' (Sakata Inc.); USVL0I2 and USVLO89 derived from 'Everest' (Syngenta Seed Co.. Gilroy. CA); and USVI..070 derived from 'Futura' (Asgrow).
Plant culture and harvest. Three field trials were planted into randomized complete block designs with three replications at Charleston, SC. In the first week of Aug. 2001 and 2003, the nine doubled haploid lines were seeded into a commercial potting mix (Metromix 200; Scotts-Sierra Horticultural Products, Marysville. OH) into 200-cell trays (Speedling Inc.. Sun City, FL) in a greenhouse receiving no supplemental light with temperatures ranging from 25 to 30 C. and seedlings were transplanted to the field on 19 Sept. in both years. Soil type for the Fall 2001 trial was a Yonges loamy fine sand and for Fall 2003 a Hockley loamy fine sand. On 1 Feb. 2003, the same nine lines were seeded to the same trays in the greenhouse and then transplanted to the field (Yonges) on 27 Feb. Individual plots consisted of 12 plants of an individual entry. Previously described cultural practices were followed for all three trials (Farnham et at.. 2000) .
As plots approached maturity, they were observed every 2 d, and those heads that had reached 10 to 12 cm in diameter were evaluated for quality traits and then harvested. Three heads per plot were sampled at random, and subtending stalks were cut to a 16cm length. Sampled heads were weighed and stern diameter of the cut stem was measured. Harvested heads were immediately placed on ice in the field and within 30 miii of field harvest. florets were cut from the stem, placed in an individual sealable freezer hag, and frozen at -80 °C. Sample dates were recorded for calculation of the mean number of days from transplant to harvest (DTH) on a plot basis. In addition to this sampling. horticultural traits (i.e., plant height and width, head position, firmness, color, bead size, etc.) were recorded oil total of six plants per plot. Individual plant measurements were averaged to compute a plot mean for each trait.
After all heads were harvested from the experiment, frozen florets were lyophilized for no less than 96 h (model 12 L FrecZone; LabConCo, Kansas City, MO), ground into a fine powder using coffee grinding mills, and then returned to freezer storage at -80 °C until extraction and analysis was conducted.
Tissue extraction. Pigments were extracted from freeze-dried tissues accordmg to Kopsell et al. (2004) and analyzed according to Emenhiser et al. (1996) . A tissue subsample was rehydrated with 0.8 mL of ultrapure H20 and placed in a water bath set at 40 °C for 20 mm. After incubation. 0.8 mL of the internal standard ethy1--8apo-carotenoatc (Sigma Chemical Co.. St. Louis, MO) was added to determine extraction efficiency. The addition of 2.5 mL of tetrahydrofuran (THF) stabilized with 25 mg L of 2,6-Di-lett-butyl-4-methoxyphenol was performed after sample h y dration. The sample was then homogenized in a Potter-Elvehjem (Kontes, Vineland. NJ) tissue grinding tube using 25 insertions with a pestle attached to a drill press (Sears. Roebuck and Co.. Hoffman Estates. IL) set at 540 rpm. During hornogenation, the tube was immersed in ice to dissipate heat. The tube was then placed into a clinical centrifuge for 3 min at 500 g,1 . The supernatant was removed and the sample pellet was resuspended in 2 nil-THF and homogenized again with the same extraction technique. The procedure was repeated for a total of four extractions to obtain a colorless supernatant. The combined supernatants were reduced to 0.5 mL under a stream of nitrogen gas (N-EVAP Ill; Organornation Inc.. Berlin. MA) and brought up to a final volume of 5 inL with methanol (McOH). A 2-mL aliquot was filtered through a 0.2-pm polytetrafluoroethylene filter (Model Econofilter PTFE 25/ 20; Agilerit Technologies, Wilmington, DE) using a 5-mL syringe (Beeton. Dickinson and Company, Franklin Lakes, NJ) before highperformance liquid chromatography (HPLC) analysis.
High-performance liquid chromatography analy sis. An Agilent 1200 series HPLC unit with a photodiodc array detector (Agilent Technologies) was used for pigment separation. Chromatographic separations were achieved using all scale (4.6 mm id. x 250 mm). 5 pm. 200 A polymeric C-40 reverse-phase column (ProntoSlL, MAC-MOD; Analytical Inc., Chadds Ford, PA), which allowed for effective separation of chemically similar pigment compounds. The column was equipped with a guard cartridge (4.0 mm id. x 10 mm) and holder (ProntoSiL) and was maintained at 30 °C using a thei'rnostatted column compartment. All separations were achieved isocratically using a binary mobile phase of 11% methyl tert-butyl ether. 88.9% MeOH, and 0.1% triethylaniine (vv/v). The flow rate was 1.0 mLniin 1 with a run time of 55 min followed by a 2-nim equilibration before the next injection. Eluted compounds from a 10-l.iL injection were detected at 453 (earotenoids and internal standard), 652 (Chi a). and 665 (Chi b) urn and data were collected. recorded, and integrated using ChernStation Software (Agilent Technologies). Peak assignment for individual pigments was performed by comparing retention times and line spectra obtained from photodiode array detection using external standards (antheraxanthin. 3-carotene. Ch[ a, Chi b, lutein, neoxanthin, violaxanthin, zeaxanthin from ChromaDex Inc., Irvine, CA). Spinach standard reference material (Slurried Spinach 2385; National Institute of Science and Technology, Gaithersburg, MD) was used for method validation. Pigment data are presented on a dry mass (DM) basis.
Every effort was made to reduce any effects of light and thermal degradation during extraction and HPLC analysis. The laboratory has no windows and only fluorescent lighting (low light intensity and limited wavelengths below 400 nm), so extractions were carried out under reduced light. In addition, exposure to all light was reduced during extraction by placing solutions under cover in ice baths. Samples were also filtered into amber !IPLC vials that exclude light and protected when run oil HPLC by a tinted shield covering the autosampler.
Statistical analysis. Results from each
individual environment were first analyzed as separate experiments to examine entry effects on earotenoid levels and other traits. Data from the three trials were then combined to examine environment and genotypeby-environment interactions. Analysis of variance was performed using Proc GLM of SAS (Release 9.1; SAS Institute, Inc., Cary, NC). Genotype and environment were treated as random effects. Mean squares resulting from analysis of variance were used to estimate individual components of variance for genotype and genotype by environment (Table 1) using methods described by Fehr (1987) . Pearson's correlation coefficients were also calculated for all pairwise comparisons between measured compounds and hori cultural traits.
Results and Discussion
Examination of the horticultural attributes of the nine doubled haploid broccoli lines used in this study readily shows they represent a diverse set of homozygous lines (Table  2 ). This is illustrated by mean expression of maturity (DTH), head weight, and stem diameter averaged across all three environments. Mean maturity of the tested lines ranged from 68.6 to 104.1 DTH, head weight ranged from 142.4 to 252.6 g per head, and stem diameter from 29.6 to 35.9 mm (Table  2 ). Phenotypic differences like these are underlined by significant genotypic differences previously reported for the same inbred lines (Ilale eta]., 2007).
Nearly 100% of broccoli consumed in North America and Europe is harvested from F 1 hybrid cultivars. Although a broccoli breeder's ultimate target is an elite hybrid, he or she conducts a significant portion of the breeding process, including making selec-tions from segregating populations during the inbreeding phase. For the most part, new hybrid combinations typically result from the use of new inbred parents in new cross-combinations. Therefore, if a breeder is to affect changes in any trait (e.g.. carotenoid content) at the hybrid level, it is first important to understand how those traits are exhibited among homozygous inbred lines.
There were significant genotype effects on levels of both ('hi a and ('hI h in broccoli heads among the tested lines (Table 3) . However, no significant environmental or genotype-by-environment effects were observed for concentrations of either of the ChIs. In general, this reflects very similar rankings of the different lines for Chi concentrations of heads in all three environments. Among the nine lines analyzed, USVL039 had lowest Chi a concentration of 295.3 .tgg I DM, whereas USVL070 was highest at 539.5 .tgg ' DM (Table 4 ). Chi h concentration was lower than that of Chi a, ranging from 185.6 to 377.6 .igg DM (Table 4 ). These results are somewhat different from those observed for kale by Kopsell et al. (2004) , in which they observed significant environmental and genotype-byenvironment effects. It is possible that ('hI concentrations of kale leaves, which have much greater levels than broccoli heads, are more likely influenced by environmental cues in general or more prone to exhibit interactions between particular genotypes and possible environmental conditions. Differences may also reflect the photosynthetic capacity of leaf tissues (kale) versus immature floret tissues (broccoli).
Associations of increased fruit and vegetable consumptions with the prevention of chronic diseases have led to new investigations into the roles of Chls as valuable phytochemicals. A recent review by Ferruzzi and Blakeslee (2007) characterizes potential health benefits associated with dietary natural Chi and Chi derivatives. Although Chi and its derivatives have long been used in traditional medicines for therapeutic purposes (Kephart. 1955) , data on bioavailahility and preventative activities have been lacking in part as a result of the assumption that Chi is unabsorbable by humans. Recent evidence is suggesting that dietary ('his may possess biological activities associated with cancer preventions, antimutagcnic activities, and induction of apoptosis in tumor cells (Egner et al., 2001 (Egner et al., , 2003 . Moreover, recent epidem iological data have linked dietary ChIs with reduced risks of colon cancer in humans (Balder et al., (Hartman and Shankci. 1990; Natsumc et al., 2004) . New investigations on the health properties of Chls are underway and may soon establish their values as dietary components in green vegetables such as broccoli.
The most prevalent carotcnoid in broccoli heads is lutein. In this stud y , lutein exhibited significant (P <: 0.05) effects as a result of environment and genotype-by-environment interaction; however, these effects were relatively small compared with the significant (P < 0.01) effect as a result of geilotype (Table 3) . Mean lutein concentration ranged from a low 65.3 pgg DM for USVL048 to a high of 139.6 pgg DM for USVL070 (Table 4) . Lutein functions as all subunit of light-harvesting complexes in photosynthesis. In plant mutants void of xanthophyl I cycle carotenoids, lutein functions in nonphotoehcmical quenching as a photoprotectant against oxidative damage ('hyogi et al., 1997) . The only previous report (Kurilich of al.. 1999 ) focusing on broccoli carotenoids measured levels of a-carotene and 3-carotene, but not lutcin. The picture for total carotenoid concentration in broccoli heads was parallel with that for lutein (Table 3) ; this is largely because 50% or more of total carotenoids call accounted for by lutein. \7 iolaxanthin levels in broccoli heads were much lower than those for lutein (Table 4 ), but this particular carotenoid also exhibited a significant genotype effect (Table  3) . Unlike lutcin, however, effects of environment and genotype by environment were nonsignificant. Lowest mean violaxanthin concentration (17.9 pgg DM) was also observed for heads of USVL048. The highest concentration (35.4 .igg DM) of violaxanthin was observed for USVL032.
It is useful to examine results for the trait DTH, which is a relative measure of maturity and known to be highly heritable (Abercrombie et al., 2005; Brown et al.. 2007; Hulbert and Orton, 1984) . With this trait, there was no environmental effect and although genotype by environment was significant (P < (1.0] ), the relative importance of the genotype effect g-1 oc + + G x E lg-I)(i-1) Error (c) (g-1 ) (r-1 )t Total (r) (t) (g) -1 = number of environments; r number of replications: g number of genotypes.
(3-carotene and neoxanthiti were detected at levels similar to those of violaxtttithiii (Table 5 ). However. genotypic differences for these two carotcnotds were not detected when all three environments were compared in the analysis of variance (data not shown). When results from individual environments are examined, the effect of' genotype was only significant for 13-carotene in Fall 2001 when concentrations of this carotenoid ranged from 15.0 .tgg DM for US VI .048 to 62.3 fi g.gH DM for 1JSV1070 (Table 5) .
With neoxanthin, genotype was only significant in Fall 2003 when the observed range was from 19.0 igg DM for USVL 105 to 38.6 . g •g DM for USVL032 (Table 5) .
Although antheraxanthin was detectable in all saniples, it occurred at lower levels (mean of 13.3 ftgg DM) than all other carotenoids measured, and no genotype effect was observed for this compound across all three environments. However, genot ype-byenvironment interaction was highly significant for this trait (data not shown). The xanthophyl I cycle pigments (zeaxanthin, antheraxanth in. and violaxanthm) participate as antioxidants in light-harvesting complexes. Within the xanthophyli cycle, teaxarithin is the primary carotenoid responsible for preventing photornlubitton however, antheraxanthin has been reported to have similar photoprotective properties (N iyogi (3) analyzed separately, antheraxanthtti exhibited significant differences among genotypes (Table 5 ). For 13-carotene. neoxanthin, and antherxanthin, computed ratios for were 0.51, 0.66, and 0. 19, respectively: estimates that are lower than those for lutein or v io laxanth in.
Results from this study indicate that most of the carotenoids measured were positively and significantly correlated with one another (Table 6 ). In general, this indicates that higher levels of one carotenoid were often associated with higher levels of the others. The exception to this observation is antheraxanthin for which levels were not significantly correlated with other earotenord levels. This may be a result of the fact that antheraxanthin tends to occur at relatively low levels compared with all others. Chl h exhibited a significant positive correlation with all caroteooids except antheraxamithtn (Table 6 ). ('hI a only exhibited similar correlations with v iolaxanthrn. neoxanthtn, and lutein (Table 6) .
No carotenoid levels were correlated with DTH (data not shown): however, broccoli head mass (FW basis) was negaiively conelated with the accumulation of individual and total carotenoid pigrrreiits (expressed on a DM basis; Table 6 ). Such negative correlations of carotenoid concentrations and broccoli head mass may occur as a result of increased biomass accumulation in certain Table 3 . Mean squares from the analysis of variance of concentrations (pgg DM) of chlorophyll a (Chi a), chloroph y ll h (Clii hi. vrolaxanthin, Intern, and total earotciroids (Total Car. ) oil dr y mass (DM) basis and also of days from transplant to harvest (DTH) for broccoli inbred genot y pes (G) grown in three environments (L). was much greater (Table 3 ). The ratio of gcnotypic variance to phenotypic variance was 0.87 and greater than that for all other traits examined here (Table 3) . This ratio is similar to broadsense heritability, and relatively high values for this ratio (i.e.. close to 1.0) indicate that genot ype is an important component of observed phenotypic variation (Fehr. 1987) . Our observed ratio (0.87) for DTH was nearly identical to a 0.84 ratio estimated by Brown et al. (2007) for the same trait. Among the other traits that exhibited a significant genotypic effect, lutein concentration had the next highest ratio at 0.84 indicating that genotype plays a significant role in expression Of lutein concentration.
Chi a
Ratios of c/ were 0.69 arid 0.75 for levels of ('hi a and Clil h. respectivel y. 0.73 for violaxanthin, and 0.79 for total carotenoid concentrations. Although these latter ratios are less than those for DTH or lutein, they still indicate that two-thirds to three-fourths of phenotypic variation for these characters in broccoli heads can he attributed to genotype. Nonsignificant or significant at P = 0.05. P = 0.01. or P 0.001, respectively. genotypes that is not accompanied by increased carotenoid production, effectively lowering the carotenoid concentration in the immature broccoli florets when pigments are expressed on a DM basis (Lefsrud et al.. 2007) as they are in this study. In other trials conducted similar to this one, we have observed little variation in percent moisture of heads harvested from variable sets of broccoli genotypes. With heads processed rapidly from the field and harvested at 10 to 12 cm in diameter, percent moisture is always very close to 88% (unpublished data). This constant could be used to convert DM concentrations described here to FW concentrations.
To our knowledge, this study is the first to present a detailed examination of carotenoids in field-grown broccoli and the relative importance of genotype in influencing levels of specific carotenoid compounds. Previous research (Kurilich et al.. 1999) presented some data on broccoli carotenoids, but it did not give any detailed characterization of the levels of violaxanthin, neoxanthin, antheraxanthin. or even lutein nor did it investigate the relative importance of genotype versus environment as described here. Indeed, this work emphasizes the relative importance of lutein and the key role that genotype plays with this compound, ultimately indicating that selection for this carotenoid might be plausible. Previous work focused on the B. o/emcea subspecies kale (Kopsell et al., 2004) did examine the relative importance of genotype and environment; however, conclusions from a crop like kale that is consumed as a leaf cannot be expected to be the same as for a crop like broccoli, which is essentially a reproductive shoot. In addition, unlike kale for which some cultivars grown are still open-pollinated populations. commercial broccoli production is now conducted exclusively using F 1 hybrids.
The first step in producing a new hybrid cultivar is to select the inbred parents that will be used in a cross. Relatively recent evidence (Abercrombie et al., 2005; Hale et al.. 2007 ) emphasizes that performance per se of inbred broccoli lines for a variety of horticultural traits is an important criteria in determining which parents to select for making test hybrids. Results of this research indicate that selection among inbred broccoli based on broccoli head concentrations of certain carotenoids, like lutein, is likely to be effective. Future studies must determine whether general combining ability functions to affect broccoli carotenoid concentrations of hybrids as it does a variety of other important traits (Abercrombie et al., 2005; Hulbert and Orton, 1984) .
